Respiratory disease is a major factor in mortality in bighorn sheep populations in the western United States and Canada. The most common microorganisms isolated from the lungs of bighorn sheep that have died from respiratory disease are Pasteurella sp. 9, 12, 13, 16 Pasteurellae are opportunistic pathogens commonly found in the respiratory tract of both wild and domestic ruminants. 8, 20 These organisms often require other predisposing factors to establish disease in their host. There is evidence that viral infections predispose domestic livestock to develop pneumonic pasteurellosis; 6, 17, 22 however, the role of Pasteurella in respiratory disease of bighorn sheep is not well understood. Antibody titers to respiratory syncytial virus (RSV), parainfluenza 3 (PI3) virus, infectious bovine rhinotracheitis virus, and bovine viral diarrhea virus (BVDV) have been found in sera from healthy and clinically ill bighorn sheep. 4, 19 PI3 virus was isolated from a captive herd of Rocky Mountain bighorn sheep (Ovis canadensis canadensis) in Wyoming 14 and later from free-ranging bighorns in Colorado. 18 More recently, another respiratory virus, RSV, was isolated from a captive bighorn herd. 5 Most laboratory cell lines currently used for virus isolation are of domestic animal origin. Viruses adapted to bighorn sheep may be more readily propagated in bighorn sheep cell cultures than in tissues from other animal species. The objectives of this study were to establish and evaluate cells of bighorn sheep origin for use in virus isolation.
When 1 of 5 Rocky Mountain bighorn ewes captured for a study of lamb mortality 9 died at 5 months gestation, the lamb was surgically removed for the production of tissue cultures. Kidneys were removed aseptically and placed in Hanks' balanced salt solution. Cell suspensions were prepared from kidney cortical tissue by standard techniques. 11 The prepared bighorn sheep kidney (BHSK) cells were suspended in growth medium (GM: minimal essential medium [MEM] a with 10% fetal bovine serum [FBS] b ), seeded in 75cm 2 tissue culture flasks, and incubated at 37 C in 5% CO 2 . The GM was exchanged frequently until confluent monolayers were established. Confluent monolayers were split 1:2 and passaged twice before freezing in GM with 10% dimethyl sulfoxide c in liquid nitrogen. Additionally, tissue fragments were removed from nasal turbinate bone and cartilage of the fetus. Tissue dissaggregation and cell collection, propagation, and preservation were carried out as above to produce turbinate cell cultures (BHST).
The BHST and BHSK cells were passaged repeatedly to determine the number of viable passages. Coverslip cultures of both BHST and BHSK cells were examined for the presence of adventitious BVDV by direct fluorescence microscopy using fluorescein-conjugated antiserum to BVDV d and by indirect fluorescence using a monoclonal antibody to BVDV e in concert with a fluorescein-conjugated anti-mouse IgG. f BHST and BHSK cells and bovine turbinate (BT) g cells were split and grown in GM. The BT and BHSK cells were passaged weekly, and the BHST cells were passaged semiweekly. Confluent monolayers were maintained in MEM with 2% FBS.
The following viruses were used in this study: BVDV/ NADL strain, h BVDV/Singer, h bovine herpesvirus 1 (BHV1), h PI3/PF-4, h PI3/bighorn sheep origin, i RSV/87-6750/bighorn sheep origin, g,5 RSV/83-1578, g adenovirus/84-1450, g and adenovirus/84-727. g All isolates had previously been grown in BT cells, although the PI3 virus isolate of bighorn sheep (BHS) origin had only 2 passages in BT cells prior to use in the current study.
Assays for 50% tissue culture infective dose (TCID 50 ) were conducted for each virus in each cell type using standard techniques 2, 9, 10 adapted to a microplate system. Cells were observed daily for cytopathic effect (CPE) indicative of viral infection. Assays were evaluated up to 7-10 days or until cell layers were completely sloughed.
BHSK cells were epithelial in appearance and grew slowly, requiring 10-14 days for confluent monolayers following a 1:2 split. The duration of growth was estimated to be 16-17 passages. BHST cells were fibroblastic in morphology and grew relatively quickly, producing confluent monolayers in 72-96 hours. The effective passage life was 20. Based on fluorescent antibody evaluations, both cell cultures were free of BVDV. The cells were easily maintained using standard media and techniques.
Cell lines derived from wildlife species have been used successfully in other studies. A BHS fetal tongue cell line demonstrated susceptibility to several viruses including 5 serotypes of bluetongue virus. 3 Carotid, 7 pulmonary, 21 and testicular 21 cells derived from deer have been employed as cell culture systems for the detection of viruses in cervid species. Black-tailed deer (Odocoileus hemionus columbianus) pulmonary artery endothelial (PAE) cells were superior to conventional cell lines in isolating a strain of adenovirus from mule deer (O. hemionus hemionus). 21 Cervid-derived testicular cells were also used successfully to isolate a poxvirus from a black-tailed deer. 15 All viruses tested in this study produced CPE in each of 3 cell types ( Table 1 ). The BHSK and BHST cells were permissive to the replication of all the viruses in the test panel. No general pattern of susceptibility was evident in the study. Although no BHS-specific viruses were available for this study, a PI3 virus of BHS origin, which had a low passage level in a domestic BT cell line, grew well in BHSK and BHST origin, as did an RSV isolate also of BHS origin. The susceptibility of the BHSK and BHST to several ruminant viruses of domestic and BHS origin suggest that these cell lines offer potential as new, BVDV-free cell culture systems for viral research and diagnosis. 
